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Regulat.ing growth of an aquatic plant:
Lemna perpusilla
Willard L. Koukkari*, Stanley H. Duke* *
ABSTRACT - Growth rates of Lemna perpusilla 6746 can be regulated in axenic cultures by 6-benzylaminopurine (BA) . Concentrations of 10-BM BA significantly enhanced growth, while levels of 10-7M
and Higher were inhibitory. These effects of BA on growth were evident when calculated as either
fresh weight of frond number.

Two organisms, the bacterium Escherichia coli and the
fruit fly Drosophila melanogaster, have been utilized extensively in biological research_ The selection of these organisms
has, at least in part, been based upon the criteria of rapid
growth and reproduction, structure , size, and ease of manipulating cultures. Among higher plants , the Lemnaceae have
similar characteristics and are desirable for experimental
studies. These small aquatic plants reproduce rapidly, as illustrated by the fact that a culture medium innoculated with a
single three-frond colony may, after one week, contain over
60 fronds.
Lemna perpusilla 6746, the plants used in our studies , lack
differentiated stems and leaves and therefore do not resemble
the more "typical" vascular plants. The body of the organism
is restricted to a flat, leaf-like structure called a frond. New
fronds are produced vegetatively in meristematic regions,
located in two lateral pouches, one on each side of the frond.
The pouches are situated near that end of the frond which is
narrower and from where a single, unbranched root originates. A single frond is capable of producing a number of
fronds during its lifetime; and since new fronds are produced
from older fronds, a cluster of attached fronds may appear as
a colony (Figure 1).
When a frond produces flowers, the flowers are located in
one of the pouches. The plants can be maintained axenically
in flasks (Figure 2) or test tubes , and since they need not
depend entirely upon the absorption and transport system of
roots (Hillman 1961) they are excellent organisms for studing the effects of exogenously applied substances on growth
and development. For example, the effects of substances
such as the cytokinin 6-benzylaminopurine (BA) have been
difficult to evaluate because the translocation of this growth
regulator within the p]ant is greatly restricted, if not completely inhibited (Thimann 1963). This is well illustrated in
studies with petioles of Phaseolus valgaris, where only two
percent of the BA was found to be translocated, and only at
the slow rate of 5.4 mm per 24 hours (Osborne & Black
1964). By using Lemna many of the problems associated
with the distribution of BA with a plant can be substantially
reduced or resolved (Overbeek & Mason, 1968).

axenically in 125 ml Erlenmayer flasks containin~ 50 ml of
sterile 0.5 strength Hutner's Medium (Hutner 1953). One
percent sucrose was added as a supplement to stock cultures,
but unless otherwise indicated, excluded from all other
media. A single three-frond colony was used to innoculate
each fresh culture. Since L. perpusilla 6746 flowers under
short days (Hillman 1958 , Hi1lman 1959), strictly vegetative
growth was achieved by maintaining the plants under continuous illumination (ca. 260 to 400 ft. - c supplied by cool
white flourescent lamps at 20 - 27 C).
Stock solutions of 10-4 M BA were prepared by dissolving
the BA in two ml of warm 0.05M NaOH ancl diluting to
volume with distilled water. When BA was included _in the
medium it was supplied at levels ranging from 10-10 to
10-6 M.
The procedure of determining fresh weight of plant
material consisted of pouring the con teen ts of each flack into
a Buchner funnel to remove the medium. After two or three
rinses with distilled water , the plants were removed from the
funnel, blotted with a paper towel or filter paper, and weighed. In experiments designed to evaluate the size and number
of fronds, a Petri dish or glass plate replaced the funnel, and
colonies were separated with a disecting needle into individual fronds, counted and measured. At this point it should be
noted that the term "individual frond" as used in this paper

Axenic Cultures and Measuring Growth

Cultures of L. perpusilla 6746 clones were maintained
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FIGURE I . Three-frond col ony of L. perpusilla.
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I ABLE I. Fresh weigh ts of three-frond colonies of L. perpusilla 6746 maintained on 0.5 strength Hutner's medium plus
one percent sucrose.

Colony No.

Fresh weight (mg)

I
2

1.5
1.3
1.4
1.4
1.6
1.2
1.5
1.6
1.4
1.3

3
4

5
6
7
8

9
IO

refers to a structure, exclusive of the root, which is at least
0.5 mm in length . The morphology of a frond is rather complex because a daughter frond while still attached to a
mother frond may contain fronds which are readily visible
but developed to the extent that they in turn may possess
even younger fronds and/or primordia. A Bel l & Howell
Pocket Comparator placed over a frond provided a reliab1le
1

TABLE II.
after being
of without
Each value
the mean.

Total fresh weights of L. perpusi/la 6746 cultures
maintained on 0.5 strength Hutner's medium with
6-benzylaminopurine (BA) for one and two weeks.
is the mean of five cultures "!" the standard error of

Concentration
of BA

Fresh weight
one week

none
10- 7 M
10- 8 M
10- 9 M

39.33 °!" 0.49
33.J7T0.49
45.00 "!" 0.40
54.83 "!" 0.28

(mg) after :
two weeks

370.17
330.33
422 .67
437 .50

"!°8 .71
"!" 4 .02
"!" 7.43
"!°9.71

method for measuring the length and width of each frond to
the nearest 0.1 mm.
Growth and Fresh Weight

Starting with a three-frond colony weighing approximately

1.4 mg (Table I), the total fresh weight of a culture increases
rapidly. According to the results presented in Table II, the
total fresh weight after one and two weeks was 39 .3 mg and
370.17 mg respectively. During this same interval of time,
the addition of 10-9 and 10-8 BA significantly increased the
total fresh weight of plant material. As is often the trend
with growth regulators, the enhancement of a response increases with concentration until an "optimum" level is reached, after which additional amounts become less effective and
eventually inhibitory. This type of does-response (Phillips
1971) was apparent in our studies, with 10· 1 0M promoting
less growth than J0·9M and 10-7M being inhibitory. It is of
special interest to note that concentrations above 10· 7 M will
promote the growth of L. minor (Overbeek and Mason
1968). However , this difference in dose-response could be

TAB LE III. A comparison of fresh weight and frond number of

L. perpusi/la 6746 plants after 10 days on 0.5 strength Hutner's medium with or without 6-benzylarninopurine (BA).

Fresh Wt. (mg)

Control
10-l0BA
tQ-9BA
t0·8BA
10-7BA
10- 6 BA

FIGURE 2. L. perpusil/a plants maintained axenically in a 125
mt fla sk containing 50 ml of medium.
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No. of Fronds 1

Mean Wt. of
frond (mg)

46
52
52
72
35
45

1.44
J.84
1.9 I
1.59
I.JS
1.22

66.6
95 .6
99 .5
I 14.8
41.3
55 . 1

1. one or more mm in length
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attributed to differences between species or cultural conditions and are by no means unique to the genus Lemna.
Number of Fronds

Although counting fronds is more tedious than calculating
fresh weigh ts, frond number has been considered to be a
more reliable method for measuring growth (Hillman, 1961 ).
In these studies, values for fresh weight and frond number
(Table III) are in agreement, with plants maintained on
10-8M BA having the highest fresh weight and frond number.
The mean weight of individual fronds supplied with 10-IO to
10- 8 M BA also was substantially higher. These treatments
were relicated three more times in another study with the
results again comparing favorably to those presented in Table
III.
Continuing Studies

Several questions have arisen from the studies thus far
described . On the one hand, what effects do cytokinins have
on the morphology of L. perpusilla, especially in reference
to size and weight? Although, results from some of the early
work indicated that the influence of cytokinins on growth
was primarily due to cell division, it is now fairly well established that cytokinins, among other things, also enhance cell
enlargement (Letham 1967, Skoog & Armstrong 1970). In
the case of L. minor, BA plays a role in carbohydrate metabolism by promoting starch accumulation (Tasseron-de Jong
& Veldstra 1971 ). In order to more fully understand the
effects of BA on L. perpusilla, our morphological studies
now require the measuring of individual cells as well as
fronds. This massive collection of morphological data is currently being assembled and will be analyzed by a computerized program prepared primarily for this purpose. 11m metabolic areas of this research on Lemna is beyond the scope of
this presentation, except to note that we are examining the
interactions of the cell environment with certain enzymes
associated with nitrogen and carbohydrate metabolism.
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